To form Al-Sn alloys for bearing materials, molten salt electrolysis was performed in an AlCl 3 -NaCl-KCl molten salt containing SnCl 2 at 423 K. The voltammogram showed that the cathodic reduction of the Sn ions started at a potential of 0.5 V vs.
Introduction
Al-Sn alloys are simple eutectic binary alloy systems with solid solutions of a wide range of compositions [1] and are well known as lubricating compounds, with the Al-Sn used as a surface coating for sliding bearings. [2] The alloys also excel in high temperature stability. The surface finishing of the bearings is provided by dip coating or sputtering in industrial applications. Anil et al. and Perrone et al. have reported the formation of Al-Sn alloys by spray deposition and pulse laser ablation techniques. [3, 4] A drawback of present production processes is the need for expensive apparatus.
We have proposed a resistive coating of Al alloy layers produced by electroplating on the substrate from molten salts. [5] [6] [7] To prepare a uniform and thin coating on the substrate with low production costs, electrolysis was applied in a low-temperature molten salt for the formation of the coating. There have been a number of papers on the formation of alloy electrodeposits of Al-Cr, Al-Ni, Al-Mn, and Al-Ti from low-temperature molten salts [8] [9] [10] [11] [12] [13] ; however, no papers of electrodeposition of Al-Sn alloys have been located. In the study here, the electrodeposition of Al-Sn alloys from AlCl 3 -NaCl-KCl molten salt containing SnCl 2 at 423 K is reported. The relation between the alloy composition and electrolysis potential is examined, and the relationship between the structure of the electrodeposits and alloy composition are discussed. Voltammograms were measured at a potential range from 0. 
Experimental

Results and Discussion
Voltammogram measurements
A voltammogram of the molten salt is shown in Fig. 1 , here the potential is scanned 
Mechanism of structure formation in Al-Sn electrodeposits
A net-like white pattern of Sn is formed on the Al deposit as shown in the top panels of Fig. 3 (a) and (b) . Formation of this pattern can be related to the deposition mechanism of the Al and Sn. An illustration of the formation mechanism suggested by the observations is shown in Fig. 5 (a) and (b), for the deposits at -0.15 and -0.075V, respectively. In Fig. 5(a) , a small number of Sn and large number of Al nuclei are initially deposited on the substrate as Al electrodeposition occurs more easily in this potential (-0.15V). Then, Al and Sn atoms deposit on these nuclei and there is surface diffusion of the atoms. Since atoms move to stable sites on the surface, the Al and Sn atoms would remain on the sites with already deposited Al and the Sn, respectively. This could be the reason for the striped structure like in Fig. 3 (a) forming on the substrate.
In Fig. 5(b) at -0.075 V, there is more electrodeposition of Sn than at -0.15V in Fig.   5 (a), and the following will discuss the mechanisms of two types electrodeposition.
(1) Co-deposition of the Al atoms and Sn atoms occurs on the surface, as well as there is surface diffusion of the atoms that are deposited. However since the atoms are in an immiscible binary alloy system, the atoms become separated into Al and Sn phases in the surface diffusion. The result may develop into the alternating stacked structure of Al and Sn suggested in Fig. 5(b) , and observed in Fig. 3(b) .
(2) During the electrodeposition of Al and Sn, there is an exchange reaction between the surface of the electrodeposited Al and Sn ions in the molten salt and a Sn layer is formed on the electrodeposited Al. A repeated electrodeposition and exchange reaction may then result in the alternating stacked structure of Al and Sn. However, there is no conclusive evidence for these two mechanisms and we are currently studying this matter future.
At 0.2 V, the deposit is composed of pure Sn, and as the melting point of Sn at 505
K is close to the temperature of the molten salt at 423 K, the shape of the electrodeposit becomes spherical.
In the use the Al-Sn alloy as a bearing material, a striped (alternating) structure of soft Sn metal and harder Al is desirable and, therefore, electrodeposits like those in Fig.   3 (b) would be a candidate for compounds.
Conclusions
To form Al-Sn alloys intended as compounds for bearing, pure Sn and Al-Sn alloys with a variety of compositions were electrodeposited by constant potential electrolysis in 61 mol% AlCl 3 -26 mol% NaCl-13 mol% KCl containing SnCl 2 at 423 K.
The results may be summarized as follows:
(1) Cathodic reduction of Sn ions starts at potentials of 0.5 V vs. Al/Al(III) and alloys of Al-Sn are deposited at potentials lower than 0.2 V in the molten salt. 
